A new structure of artificial joints with bionic joint capsule was proposed and designed to overcome the feedback of current prostheses that omitted many functions of lubricant and joint capsule. The new structure was composed of three components: therapeutic lubricant, artificial joints and artificial joint capsule. The lubricant sealed by capsule not only can reduce the wear of artificial joints but also can prohibit the wear particles leaking to the body liquid. So the unwilling reactions between the wear particles and liquid may be avoided completely.
INTRODUCTION
Currently, lifetime of artificial joints was shortened primarily by loosening caused by osteolysis that induced by particles of wear debris [1] . Researchers have also found out that the late prostheses loosening were associated with the excessive increase of wear debris and the wear debris causing adverse cellular reactions [2] . A lot of researches have been done on the new materials, surface coatings and prostheses design, in order to improve the anti-wear properties of the artificial joints. But results are not satisfying and problems related to wear debris and osteolysis still exist. So it is important to look for better solutions to reduce wear and prolong the artificial joints lifetime.
DESIGN OF NOVEL BIONIC LUBRICATION SYSTEM
Inspired by nature animal joints, a novel bionic lubricating system was proposed and designed. It was composed of three components: therapeutic lubricant, artificial joints, and bionic joint capsule [3] . The most important innovation of this system is the bionic joint capsule. The bionic joint capsule was designed not only to seal lubricant, but also to prohibit the debris leaking to the body fluid, and then adverse cellular reactions could be avoided completely.
Here, two kinds of structure were designed to match with knee and hip prostheses, respectively. Schematic view of double structures was given in Fig.1 
MECHANICS SIMULATION
The stress analyses of artificial joints are always hot. Many kinds of methods were applied. These included elasticity solution [4] , theoretical prediction method [5] and finite element method [4, 6] .
MODEL AND MATERIALS
In this study, a simplified three-dimensional (3-D) model with bionic joint capsule was built based on anatomic knee joint using commercially available software (ANSYS 8.0). The joint head and acetabulum were simulated using ball and socket. The Copyright ©2005 by ASME 1 
WTC2005-64211
bionic joint capsule was fixed with the femoral and tibia at the contact areas. Seen the whole shape of the knee joint with bionic joint capsule, it was like a hammer.
The femoral and ball were Ti-13Nb-13Zr alloy. The acetabulum was UHMWPE and the bionic joint capsule was made of medical silicone gel. All the materials were taken to be linear elastic continuum with isotropic properties. The source of property values for TiNbZr alloy and UHMWPE is from [6] , while for silicone gel, the source is from CuSil Silicone Technology Co., Ltd.
MESH AND CONSTRAINTS
A combination of free and mapped meshing was used. The constraints were applied at the distal end of the tibial. All the degrees of freedom were completely restrained at the distal end of the tibial. The meshed model with 1-mm thickness of the bionic joint capsule and constraints are shown in Fig.2 .
Fig.2 The meshed model and constraints to the model

STRESS ANALYSES
In the model, the ball head and acetabulum contacted each other. Here TARGE170 element and CONTA174 element were used to simulate the target area and contact area, respectively, and created area-area contact pairs. The friction coefficient was assumed as 0.02 between the contact pairs.
MOTION MODEL
Assumed 1-mm thick capsule and 750 newtons loads applied on the top section of the femoral, the results of simulation of the standing state showed that the maximum stress in the capsule was 0.010MPa. The maximum stress located at the contact zones between the tibial and the capsule. When people engaged in some activities such as running, descending and ascending stairs, the maximum loads acting on the joint reached five times body weight [4] , so a 3000 newtons load (four times of 750 newtons) was applied again. The maximum stress was 0.029MPa and occurred in the same area as 750 newtons case.
Under gait situations, both heavy loads (3000 newtons) and the angular displacement were applied on the femoral at the same time. When simulated under 1-mm thick capsule and sixty-degree flexion angle. It tells the maximum stress was 1.62MPa and the large stress occurred at the contact zones between prostheses and the capsule.
EFFECTS OF CAPSULE THICKNESS
The capsule thickness has significant effects on the stress value and distribution. The effects of capsule thickness on the stress were also investigated. Assumed there were four different thicknesses: 0.5, 1, 1.5 and 2 millimeters, respectively. Table 1 tells the maximum stress slightly decreased with the capsule thickness increasing under the standing conditions. Under the gait conditions, however, the maximum stress values slightly increased with the capsule thickness, but no matter what conditions simulated, the maximum stress did not exceed the strength limit of the material (9.97MPa). .
Further researches would be carried on the material properties such as compatibility of biology, anti-fatigue performance and effects on the peripheral tissues of the joint.
